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ABSTRACT 
 
Microbial fuel cell (MFC) technology is a promising area in the 
field of renewable energy because of their capability to use the 
energy contained in wastewater, which has been previously an 
untapped source of power. Microscale MFCs are desirable for 
their small footprints, relatively high power density, fast start-
up, and environmentally-friendly process. Microbial fuel cells 
employ microorganisms as the biocatalysts instead of metal 
catalysts, which are widely applied in conventional fuel cells. 
MFCs are capable of generating electricity as long as nutrition 
is provided. Miniature MFCs have faster power generation 
recovery than macroscale MFCs. Additionally, since power 
generation density is affected by the surface-to-volume ratio, 
miniature MFCs can facilitate higher power density. We have 
designed and fabricated a microscale microbial fuel cell with a 
volume of 4 µL in a polydimethylsiloxane (PDMS) chamber. 
The anode and cathode chambers were separated by a proton 
exchange membrane. Carbon cloth was used for both the anode 
and the cathode. Shewanella Oneidensis MR-1 was chosen to be 
the electrogenic bacteria and was inoculated into the anode 
chamber. We employed Ferricyanide as the catholyte and 
introduced it into the cathode chamber with a constant flow rate 
of approximately 50 µL/hr. We used trypticase soy broth as the 
bacterial nutrition and added it into the anode chamber 
approximately every 15 hours once current dropped to base 
current. Using our miniature MFC, we were able to generate a 
maximum current of 4.62 µA. 
INTRODUCTION  
 
Microbial fuel cell is a developing technology which utilizes the 
chemical energy stored inside microorganisms to generate 
electricity (1-5). This type of fuel cell is under the category of 
biofuel cell, which is separated from conventional microfluidic 
fuel cells because of the different choice of catalyst. Most 
microbial fuel cells apply pure bacteria (6-9) or algae (10) as 
the electrogenic microbes, however, there are numbers of 
experiments that use multiple culture, and obtain similar results.  
Microscale microbial fuel cell have a great potential in 
substituting conventional batteries for portable devices (11), 
such as cell phones (12), laptops (12, 13), biosensors (14, 15) 
and clinical applications (16). Wastewater management is 
another promising area for microbial fuel cell technology and is 
an example of where multiple culture fuel cells could be used. A 
large amount of energy is contained in wastewater; microbial 
fuel cell technology allows us to exploit the energy in these 
biomasses and convert it into electricity (17). Microbial fuel 
cells are also desired as an environmental-friendly power 
source, which operates with less pollution to the environment 
than fossil fuels (18, 19). Most microbial fuel cell designs 
employ Polydimethylsiloxane (PDMS) microfluidic frames 
where bacteria is inoculated in the anode and chemical solution 
flows through the cathode continuously at a certain speed and is 
separated from the anode by a proton exchange membrane 
(PEM) (20). Bacteria in the anode oxidize the nutrients through 
metabolism. The protons transfer through the PEM, and the 
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electrons run through connecting wires to complete the circuit 
and consequently generate electricity.  
Shewanella, Pseudomonas, and Proteobactor families are the 
most widely employed bacteria for lab-scale microbial fuel cells 
(21). Multiple cultures are commonly used for wastewater 
applications (21-23). Although most MFCs prefer their fuel to 
have low-molecular weight, Niessen et al. presented a fuel cell 
that operated on starch with Clostridium butyricum and 
Clostridium beijerinckii as the biocatalysts (17).  
 
(a) 
 
 
(b) 
 
 
 
Figure 1: (a) A schematic of the MFC representing carbon 
cloth, PEM, and chambers. (b) A photograph of the MFC 
assembly. 
 
Microbial fuel cells are desirable for their mild operating 
conditions, relatively high power density, and long running 
period without recharging (24-26). This technology has a 
considerably lower cost than that of enzymatic fuel cells, as the 
process required to purify enzymes is not needed. The 
miniaturization of microbial fuel cells is a newly developed 
field for this technology and the high surface-to-volume ratio 
leads to higher power density, shorter start time, and faster 
power generation recovery after refilling (6, 16). The reason 
behinds all of these advantages is the higher surface-to-volume 
ratio decreases the distance from the fluid to electron surface, 
which improves the charge transport efficiency (16). This 
development of microbial fuel cell technology has been inspired 
by the concepts and technology from chemical and biological 
fields (26-28).  
In this experiment, Shewanella Oneidensis MR-1 has been 
chosen to be the electrogenic bacteria, and carbon cloth has 
been employed as the electrode. Detailed description and results 
will be discussed in later sections. The limitation to widely 
utilize microbial fuel cell technology is that they can not 
generate sufficient amount of power density to supply those 
potential applications as a power source (29). We have 
presented some experiments based on a group of microbial fuel 
cells in series and in parallel, in order to obtain a higher power 
density than a single fuel cell. 
 
MATERIALS AND METHODS 
 
2.1. Materials and chemicals 
 
The materials and chemicals used in these experiments include 
184 silicone elastomer kit (Dow Corning, Midland, MI), 
Nafion® membrane (Nafion® 115, Ion Power, New Castle, 
DE), carbon cloth (Fuel Cell Earth, Stoneham, MA) , titanium 
wire, 0.25mm, (Alfa Aesar, Ward Hill, MA), polyethylene 
tubing (Dow Corning, Midland, MI), trypticase soy broth 
(Sigma Aldrich, St. Louis, MO), and phosphate buffered saline 
(Sigma Aldrich, St. Louis, MO).  
 
2.2. Bacteria and culturing process 
 
Shewanella Oneidensis MR-1 was chosen to be the bacteria 
used in this experiment because of its wide utilization in MFC 
experiments. The original bacteria strain was subcultured 
aerobically in trypticase soy broth (TSB) under room 
temperature (~20C) for 24 hours before being stored in a 
refrigerator at a temperature of roughly 2C for future use. In 
order to keep the MR-1 strain under the best quality, it is 
recommended that the bacteria should be subcultured every 
week following the former instructions. The bacteria was 
soaked into liquid TSB medium and put into a syringe before 
experiment. 
 
2.3. Fabrication of PDMS chamber 
 
The mold used to fabricate PDMS chamber was made following 
the method presented by Grimes et al. (30). The features of the 
MFC chamber was printed onto a Shrinky Dinks sheet 3 times 
by a laser jet printer and put into an oven at 160C for 8 
minutes. A post heat of 7 minutes at the same temperature was 
applied to the mold in order to create a flatter print surface. The 
material used to make the PDMS chamber was the mixture of 
Sylgard 184 silicone elastomer and curing agent (Dow Corning, 
Midland, MI) with a mass ratio of 10:1. The mixture was 
poured onto the mold, and then allowed bubbles to come out for 
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approximately 5 minutes before heating.  The PDMS chamber 
was then cured at 110C for 15 minutes.  The final product had 
an area of 104 mm and a height of 100 µm. Holes were 
punched through the PDMS chamber at appropriate locations 
for connecting tubes. 
 
2.4. Assembly and operation of MFC device 
 
The MFC device was assembled by putting a Nafion® 115 
proton exchange membrane (PEM) in the middle of two carbon 
cloth electrodes (Fuel Cell Earth, Stoneham, MA) in each side 
of the chambers. The two pieces of carbon cloth were cut to 
104 mm, which is the same as the chamber area. Two carbon 
cloth electrodes were connected to two titanium wires with a 
diameter of 0.25 mm (Alfa Aesar, Ward Hill, MA) separately 
and connected in series to a 10kΩ resistor. Binder clips were 
used to hold the assembly together.  
The assembled device was autoclaved at 120 C for 15 minutes 
before the experiment in order to keep the inside of the fuel cell 
sterile. Shewanella Oneidensis MR-1 was injected into the 
anode chamber by a syringe. The TSB medium was used as the 
anolyte and injected into the chamber when the read of 
electricity dropped to the base line. Ferricyanide (50mM 
K3Fe(CN)6 in a 100 mM pH 7.4 phosphate buffered saline) 
was used as the catholyte and pumped into the cathode chamber 
continuously with a rate of 50μL using a syringe pump. 
 
2.5. Measurements and calculations 
 
Voltage across the resistor was recorded continuously using 
Labview. Current was calculated based on Ohm’s Law I = V/R, 
and plotted as a function of time. 
 
RESULTS AND DISCUSSION 
 
3.1. Current generations 
 
Liquid culture of Shewanella Oneidensis MR-1 had been put 
inside an incubator of 37°C for 10 hours before the inoculation 
in order to guarantee the bacteria was fully grown, and was then 
inoculated into the anode fuel cell chamber through a syringe. 
Two syringes were connected to the fuel cell under a UV hood 
to avoid contamination of other microorganisms. Voltage across 
the 10 kΩ external resistor was taken as a function of time. 
Labview was set to record data every 10 minutes. Current 
output before the inoculation of bacteria was observed to be 
0.01424 µA, which was the baseline current for this microbial 
fuel cell. The current went up immediately after inoculation, 
and reached a value of 0.7308µA. Although the current output 
dropped at some time points, the overall trend increased for 13 
hours after inoculation (Figure 2). The local maximum of this 
cycle was obtained to be 1.8928 µA, and was observed 360 
minutes (6 hours) after inoculation. The current then dropped to 
0.2623 µA 19 hours after the local maximum value was 
observed. After the local minimum value was achieved, current 
went up to 0.8429 µA, then started decreasing gradually, and 
finally stabilized around 0.6 µA for the rest of this cycle. For 
the cycle after inoculation, the total time length was about 50 
hours, the current had been above 1µA for approximately 10 
hours and above 0.5 µA for 33 hours. The current had been 
higher than 0.5 µA for 66% of the entire cycle length. The first 
refill was conducted fifty hours after inoculation, and the 
current output increased gradually to 1.2483 µA - which was 
also the highest current value in this cycle - and was obtained 
30 minutes after the refill of TSB medium. The current once 
again dropped and reached its minimum value 9.5 hours after 
refill. Another local maximum was achieved roughly 13 hours 
after a second refill at a value of 0.4471 µA. The second refill 
of nutrition, which was also the last refill of this experiment, 
was made 24 hours after the first refill. The current spiked 
upwards, and achieved the highest value of 4.62 µA for this 
experiment. The current dropped faster in this cycle than it in 
the two former cycles, and stayed below 0.1 µA 7.5 hours after 
refill. 
The results shows that this microbial fuel cell design is a quite 
promising technology for power generation, as the current 
output lasted for more than three days with only two refills 
conducted during this time period. The first cycle had the best 
output among the three of them, since the current stayed above 
0.5 µA for 66% of the entire cycle length. The bacteria seemed 
to be less vibrant after the first cycle, and the amount of current 
generation went down as time passed by. Additionally, the 
power output was very stable and relatively high during the first 
cycle.  Although the peak value was achieved in the last cycle, 
it had poor stability and dropped quickly afterwards. Multiple 
local maximums were observed in each cycle, which may be 
caused by the complicated nutrition contained in TSB medium. 
A medium of simpler nutrition contents may have produced 
only one spike during a single cycle, but the cycle lifetime 
might have also been smaller because less nutrition would be 
contained within the medium. 
 
 
 
Figure 2: This plot shows the current generations as a function 
of time, with red arrows indicating inoculation and blue arrows 
indicating refill of TSB medium.  
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3.2. Polarization curve and power output 
 
A polarization curve was generated for this microbial fuel cell 
design. The open circuit voltage was measured to be 0.12 V. 
The fuel cell was then connected to an external resistance of 15 
kΩ, which was decreased to 1 kΩ gradually, and the voltage 
across the external resistance was measured during this 
experiment. The polarization curve was presented in Figure 3, 
and the power output as a function of volumetric current was 
shown in Figure 4. 
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Figure 3: Polarization curve: this graph indicates the change of 
cell voltage with decreasing external resistance. 
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Figure 4: This graph indicates the change of power with 
decreasing external resistance, as a function of volumetric 
current. 
 
3.3 Comparing with other MFCs 
 
Using this microfluidic MFC design, we were able to create a 
maximum current of 0.005 mA cm
-2 
and a maximum volumetric 
power density of 15.7 W m
-3
. However, MFC designs with 
larger volume could produce a higher power density compared 
to this design. Niessen et al., 2004(17) reported a MFC with an 
anode volume of 100000 µL, which was operated on starch and 
produced a maximum current density of 1.3 mA cm
-2
. A 350000 
µL single chamber MFC introduced by Ishii et al., 2012(31) had 
a maximum current density of 1.12 mA cm
-2
. One reason could 
be that in batch-fed MFC operations, the microorganisms have 
access to less amount of nutrition than MFCs of larger volumes 
with continuous operation. Improvement of power density is 
needed for small volume MFCs to be applied into more areas. 
 
CONCLUSIONS 
A microfluidic microbial fuel cell with a chamber volume of 4 
µL produced a peak current of 4.62 µA and a peak current 
density of 1155.75 A m
-3
 during 100 hours of operation. This 
MFC design was proved to be capable of generating power for 
a relatively long time with only two refills. Since we were able 
to employ a less expensive fabrication process than other fuel 
cells, this MFC has potential to be mass produced and supplied 
to the market. The miniaturization of MFCs improves the power 
density and makes this technology more suitable for smaller 
devices. 
 
ACKNOWLEDGMENTS 
 
This work was supported by the Iowa State University 
Foundation and the William March Scholar Fund. The authors 
wish to thank Payton Goodrich, Luke Wagner, and Flavia 
Cavalcantifor for their assistance with this project.  
 
REFERENCES 
 
1. Allen, R., and Bennetto, H. P. (1993) Microbial fuel-
cells, Appl Biochem Biotechnol 39-40, 27-40. 
2. Kim, B., Ikeda, T., Park, H., Kim, H., Hyun, M., Kano, 
K., Takagi, K., and Tatsumi, H. (1999) 
Electrochemical activity of an Fe(III)-reducing 
bacterium, Shewanella putrefaciens IR-1, in the 
presence of alternative electron acceptors, 
Biotechnology Techniques 13, 475-478. 
3. Gil, G.-C., Chang, I.-S., Kim, B. H., Kim, M., Jang, J.-
K., Park, H. S., and Kim, H. J. (2003) Operational 
parameters affecting the performannce of a mediator-
less microbial fuel cell, Biosensors and Bioelectronics 
18, 327-334. 
4. Wagner, L., Yang, J., Ghobadian, S., Montazami, R., 
and Hashemi, N. (2012) A Microfluidic Reactor for 
Energy Applications, Open Journal of Applied 
Biosensor 1, 21-25. 
5. Yang, J., Ghobadian, S., Goodrich, P. J., Montazami, 
R., and Hashemi, N. (2013) Miniaturized biological 
and electrochemical fuel cells: challenges and 
applications, Physical Chemistry Chemical Physics. 
6. He, Z., Wagner, N., Minteer, S. D., and Angenent, L. T. 
(2006) An Upflow Microbial Fuel Cell with an Interior 
Downloaded From: http://proceedings.asmedigitalcollection.asme.org/ on 12/15/2014 Terms of Use: http://asme.org/terms
 5 Copyright © 2013 by ASME 
Cathode:  Assessment of the Internal Resistance by 
Impedance Spectroscopy†, Environmental Science & 
Technology 40, 5212-5217. 
7. Rabaey, K., Lissens, G., Siciliano, S. D., and 
Verstraete, W. (2003) A microbial fuel cell capable of 
converting glucose to electricity at high rate and 
efficiency, Biotechnology Letters 25, 1531-1535. 
8. Qian, F., Baum, M., Gu, Q., and Morse, D. E. (2009) A 
1.5 [small micro]L microbial fuel cell for on-chip 
bioelectricity generation, Lab on a Chip 9, 3076-3081. 
9. Qian, F., He, Z., Thelen, M. P., and Li, Y. (2011) A 
microfluidic microbial fuel cell fabricated by soft 
lithography, Bioresource Technology 102, 5836-5840. 
10. Velasquez-Orta, S. B., Curtis, T. P., and Logan, B. E. 
(2009) Energy from algae using microbial fuel cells, 
Biotechnology and Bioengineering 103, 1068-1076. 
11. Dyer, C. K. (2002) Fuel cells for portable applications, 
Fuel Cells Bulletin 2002, 8-9. 
12. Li, W., Wang, X., Chen, Z., Waje, M., and Yan, Y. 
(2006) Pt−Ru Supported on Double-Walled Carbon 
Nanotubes as High-Performance Anode Catalysts for 
Direct Methanol Fuel Cells, The Journal of Physical 
Chemistry B 110, 15353-15358. 
13. Bullen, R. A., Arnot, T. C., Lakeman, J. B., and Walsh, 
F. C. (2006) Biofuel cells and their development, 
Biosensors and Bioelectronics 21, 2015-2045. 
14. Shantaram, A., Beyenal, H., Veluchamy, R. R. A., and 
Lewandowski, Z. (2005) Wireless Sensors Powered by 
Microbial Fuel Cells, Environmental Science & 
Technology 39, 5037-5042. 
15. Hashemi, N., Erickson, J. S., Golden, J. P., and Ligler, 
F. S. (2011) Optofluidic characterization of marine 
algae using a microflow cytometer, Biomicrofluidics 5, 
032009. 
16. Ringeisen, B. R., Henderson, E., Wu, P. K., Pietron, J., 
Ray, R., Little, B., Biffinger, J. C., and Jones-Meehan, 
J. M. (2006) High Power Density from a Miniature 
Microbial Fuel Cell Using Shewanella oneidensis 
DSP10, Environmental Science & Technology 40, 
2629-2634. 
17. Niessen, J., Schröder, U., and Scholz, F. (2004) 
Exploiting complex carbohydrates for microbial 
electricity generation – a bacterial fuel cell operating 
on starch, Electrochemistry Communications 6, 955-
958. 
18. Shah, K., Shin, W. C., and Besser, R. S. (2004) A 
PDMS micro proton exchange membrane fuel cell by 
conventional and non-conventional microfabrication 
techniques, Sensors and Actuators B: Chemical 97, 
157-167. 
19. Wang, H.-Y., Bernarda, A., Huang, C.-Y., Lee, D.-J., 
and Chang, J.-S. (2011) Micro-sized microbial fuel 
cell: A mini-review, Bioresource Technology 102, 235-
243. 
20. Liu, H., and Logan, B. E. (2004) Electricity 
Generation Using an Air-Cathode Single Chamber 
Microbial Fuel Cell in the Presence and Absence of a 
Proton Exchange Membrane, Environmental Science 
& Technology 38, 4040-4046. 
21. Sharma, V., and Kundu, P. P. (2010) Biocatalysts in 
microbial fuel cells, Enzyme and Microbial 
Technology 47, 179-188. 
22. Katuri, K. P., Enright, A.-M., O'Flaherty, V., and 
Leech, D. (2012) Microbial analysis of anodic biofilm 
in a microbial fuel cell using slaughterhouse 
wastewater, Bioelectrochemistry 87, 164-171. 
23. Sun, J., Hu, Y., Bi, Z., and Cao, Y. (2009) Improved 
performance of air-cathode single-chamber microbial 
fuel cell for wastewater treatment using microfiltration 
membranes and multiple sludge inoculation, Journal of 
Power Sources 187, 471-479. 
24. Choban, E. R., Markoski, L. J., Wieckowski, A., and 
Kenis, P. J. A. (2004) Microfluidic fuel cell based on 
laminar flow, Journal of Power Sources 128, 54-60. 
25. Bazylak, A., Sinton, D., and Djilali, N. (2005) 
Improved fuel utilization in microfluidic fuel cells: A 
computational study, Journal of Power Sources 143, 
57-66. 
26. Jayashree, R. S., Gancs, L., Choban, E. R., Primak, A., 
Natarajan, D., Markoski, L. J., and Kenis, P. J. A. 
(2005) Air-Breathing Laminar Flow-Based 
Microfluidic Fuel Cell, Journal of the American 
Chemical Society 127, 16758-16759. 
27. Montazami, R., Liu, S., Liu, Y., Wang, D., Zhang, Q., 
and Heflin, J. R. (2011) Thickness dependence of 
curvature, strain, and response time in ionic 
electroactive polymer actuators fabricated via layer-by-
layer assembly, Journal of Applied Physics 109, 
104301. 
28. Montazami, R., Wang, D., and Heflin, J. R. (2012) 
Influence of conductive network composite structure 
on the electromechanical performance of ionic 
electroactive polymer actuators, International Journal 
of Smart and Nano Materials 3, 204-213. 
29. Lovley, D. R. (2008) The microbe electric: conversion 
of organic matter to electricity, Current Opinion in 
Biotechnology 19, 564-571. 
30. Grimes, A., Breslauer, D. N., Long, M., Pegan, J., Lee, 
L. P., and Khine, M. (2008) Shrinky-Dink 
microfluidics: rapid generation of deep and rounded 
patterns, Lab on a Chip 8, 170-172. 
31. Ishii, S. i., Logan, B., and Sekiguchi, Y. (2012) 
Enhanced electrode-reducing rate during the 
enrichment process in an air-cathode microbial fuel 
cell, Applied Microbiology and Biotechnology 94, 
1087-1094. 
 
 
Downloaded From: http://proceedings.asmedigitalcollection.asme.org/ on 12/15/2014 Terms of Use: http://asme.org/terms
